INTRODUCTION {#sec1-1}
============

The modern practice of oncology is based on clinical trials, which have been increasingly conducted and published in the last 20 years. Over the last 5 years, there have been more than 140 anticancer drug approvals in the United States.\[[@ref1]\] These approvals have led to an ongoing change in clinical practice, offering new therapeutic options for patients with cancer. Therefore, it is important for physicians to be able to appraise a clinical trial and determine its validity, understand its results, and be able to apply such results to their patients. In this guide, we provide a simplified approach based on the User's Guide to the Medical Literature series tailored to practicing clinicians and trainees.\[[@ref2]\] Although most of the included examples are from the oncology literature, the same concepts and principles would apply to other medical and surgical specialties.

Clinical case {#sec2-1}
-------------

A 56-year-old man with a history of diabetes mellitus who was recently diagnosed with metastatic non-small cell lung cancer comes to your oncology clinic for clinical care. You decide to start him on chemotherapy with carboplatin and pemetrexed. He is otherwise healthy and asymptomatic. His body mass index (BMI) is 41. He has reasonable functional status as measured by the Eastern Cooperative Oncology Group (ECOG) performance status (PS) score value of 1. His mother recently died of a pulmonary embolism (PE) and he is asking you about prevention of PE. You calculate his risk for chemotherapy-associated thrombosis using the Khorana score\[[@ref3]\] and find it to be 2, which suggests an intermediate risk for venous thromboembolism. You are contemplating thromboprophylaxis and proceed to review the evidence.

What is a clinical trial? {#sec2-2}
-------------------------

A clinical trial is any research study that prospectively assigns human participants or groups of humans to one or more health-related interventions to evaluate the effects on health outcomes. Therefore, a clinical trial can be randomized (i.e., a randomized controlled trial \[RCT\]) or nonrandomized. For inference purposes, nonrandomized trials are at similar risk of bias to that of observational studies and can be appraised by focusing on cohort selection, comparability of study groups, and adjustment for confounders (discussed in the Comparability of the groups at the baseline section) (i.e., just like an observational study). For the most part, when clinicians think about trials, they are usually referring to RCTs which are the gold standard study design to ascertain the effect of therapy. The RCT design creates groups of patients that are similar in all known and unknown prognostic factors (i.e., confounders) except the intervention. RCTs can randomize the patients to groups and follow them prospectively (parallel RCTs) or can switch patients at random to different treatment regimens during the course of the trial (crossover RCTs). This guide will focus on parallel-design RCTs because they are more common and are critical for the practice of internal medicine and oncology. We will also focus on an example of a superiority trial for simplicity (i.e., a trial that aims to evaluate if the experimental treatment is better than the standard treatment or placebo), although many of the constructs and principles discussed here apply to noninferiority trials (i.e., a trial that aims to evaluate whether an experimental treatment is not importantly worse than a standard treatment).

Lastly, although we are discussing an approach to appraise and apply an RCT, it is important to keep in mind that having a systematic review and meta-analysis of multiple RCTs would likely give more precise and valid estimates and would be preferred if available.\[[@ref4]\] Moreover, the fundamental principles of evidence-based medicine (EBM) are assumed, which include formulating an answerable question, identifying the best evidence, critically appraising the evidence, applying the evidence, and integrating clinical expertise and patient's values with the evidence.\[[@ref5]\] In this concise guide, we will critically appraise an RCT that aims to answer the following clinical question: What is the evidence supporting prophylactic anticoagulation in patients with cancer?

APPROACH {#sec1-2}
========

When reading a manuscript reporting the conduct and results of an RCT, one should ask three questions. How valid are the results (which is also expressed as to what extent does the risk of bias affect the trustworthiness of the results)? What are the results? How do I apply these results to patient care? This simplified approach is based on the User's Guide to the Medical Literature series and also adapted in oncology.\[[@ref2][@ref6]\]

We have identified one RCT that addresses the clinical question of interest to our patient----"Apixaban to Prevent Venous Thromboembolism in Patients with Cancer"----the AVERT trial.\[[@ref7]\]

The trial evaluates the efficacy and safety of apixaban (2.5mg twice daily) for thromboprophylaxis in ambulatory patients with cancer who were at intermediate-to-high risk for venous thromboembolism (Khorana score, ≥2) initiating chemotherapy."\[[@ref7]\]

How valid are the results (to what extent does the risk of bias affect the trustworthiness of the results)? {#sec2-3}
-----------------------------------------------------------------------------------------------------------

The validity of the RCT focuses on how well the study is conducted and addresses different types of bias.\[[@ref8]\] Appraising the study's internal validity can be achieved by evaluating the methods section and following a stepwise approach. Did the study: start well, run well, and finish well?\[[@ref6]\] \[[Figure 1](#F1){ref-type="fig"}\].

![A framework summarizing the steps in critically appraising a randomized controlled trial.\
ITT = intention to treat](AJM-10-68-g001){#F1}

START WELL {#sec1-3}
==========

Was the allocation sequence random? {#sec2-4}
-----------------------------------

Randomization (also known as allocation sequence generation) ensures that the study participants have an equal chance of being assigned to either the intervention group or the control group, thereby decreasing the likelihood of an imbalance in baseline prognostic factors which can cause what is called selection bias. For example, if the fit and younger patients were assigned to one arm of a study, this arm will have better outcomes that are not caused by the intervention. Randomization is commonly performed using a computer-generated algorithm.

In the AVERT trial, the authors state in the methods section "eligible patients underwent randomization by means of a centralized, web-based randomization system to receive apixaban or placebo in a 1:1 ratio."\[[@ref7]\] The randomization in this trial is adequate.

Was the allocation sequence concealed until participants were enrolled and assigned to interventions? {#sec2-5}
-----------------------------------------------------------------------------------------------------

When appraising the validity of a study, it is important to look at the method of randomization and whether it can prevent the predictability of the allocation (also known as concealment). Concealment means that both study participants and investigators are not aware, and cannot predict, which group the study participant (patient) will be assigned to. This is not to be confused with blinding of assigned interventions (discussed below). Allocation concealment happens prior to and at the time of randomization. Conversely, blinding occurs after randomization\[[@ref9][@ref10][@ref11][@ref12]\] \[[Figure 2](#F2){ref-type="fig"}\]. Patient enrolment can be concealed but not blinded. An example of that is the biliary tract cancer (BILCAP) trial, where treatments were not masked but allocation concealment was achieved.\[[@ref13]\]

![A flow diagram showing blinding, concealment, and randomization](AJM-10-68-g002){#F2}

In the AVERT trial, the authors used a "centralized, web-based randomization" method which ensures that both participants and investigators could not foresee assignment.\[[@ref7]\]

Comparability of the groups at the baseline {#sec2-6}
-------------------------------------------

The benefit of randomization is in minimizing the imbalance and differences in baseline characteristics and prognostic factors between the groups. These differences are sometimes referred to as "confounders." These baseline characteristics are almost always reported in [Table 1](#T1){ref-type="table"} in RCTs. When detected, it is important to evaluate the importance of the prognostic factor imbalances (confounding) by asking the following questions: (1) Does the prognostic factor affect the outcome?; (2) If yes, which group is favored?; (3) Does this change the conclusion? This accounts for known confounders, but unknown confounders can always introduce bias. Potential unknown confounder imbalance can be minimized with appropriate randomization.

###### 

Primary efficacy and safety outcomes of the AVERT trial

                   Apixaban (*N* = 288)   Placebo (*N* = 275)   RR\*   ARR (or RD)\*   NNT\*   HR (95% CI)^†^      *P* Value^†^
  ---------------- ---------------------- --------------------- ------ --------------- ------- ------------------- --------------
  VTE              12 (4.2)               28 (10.2)             0.41   6%              16.6    0.41 (0.26--0.65)   \<0.001
  Major bleeding   10 (3.5)               5 (1.8)               1.94   1.7%            58.8    2.00 (1.01--3.95)   0.046

*N* = total number of patients, *n* = number of events, RR = relative risk, ARR = absolute risk reduction, RD = risk difference, NNT = number needed to treat, HR = hazard ratio, CI = confidence interval

\*Value calculated

^†^Value exported from reported trial results

In the AVERT trial, table 1 shows how the groups were comparable at the baseline, in terms of tumor type, Khorana score, PS, and others, including the use of concomitant antiplatelet medications.\[[@ref7]\] It is important to look at the proportions in table 1 and determine whether they are clinically meaningful, and not to depend on reported *P* values. These *P* values are not meaningful (although commonly reported) because the trial is often underpowered to show significant differences in these variables.

RUN WELL {#sec1-4}
========

This series of questions concerns performance bias and bias due to deviations from intended intervention and includes blinding, contamination, co-intervention, and compliance \[[Figure 1](#F1){ref-type="fig"}\].

Were participants and investigators aware of their assigned intervention during the trial? {#sec2-7}
------------------------------------------------------------------------------------------

Blinding refers to the process by which the study participants (patients), providers (nurses and physicians), investigators, and outcome assessors are kept unaware of treatment assignment throughout the study.\[[@ref8][@ref14]\] Blinding of patients and study personnel help in reducing performance bias that could occur upon the knowledge of the assignment. Performance biases arise from deviations from intended interventions. For example, if a study investigator is aware of treatment assignment, they might elect to monitor and see the patient in the novel therapy group more frequently than the control group. In addition, blinding of study participants helps in reducing the risk of the "placebo-effect" that can be detected in more subjective outcomes such as pain.\[[@ref15][@ref16]\] For example, in an RCT of patients with nasopharyngeal carcinoma, acupuncture significantly lowered radiation-induced xerostomia compared to standard care group (no acupuncture).\[[@ref17]\] In this example, blinding of participants was not performed; however, it is hard to draw a clear conclusion from such trial when the outcomes (xerostomia and quality of life \[QOL\]) are subjective and could be affected by the "placebo-effect." This has been described before where trials of acupuncture found benefit in treating pain compared to no treatment. However, this benefit was less significant when acupuncture was compared with sham control.\[[@ref18]\] The effect of blinding in a study should be assessed for each individual outcome; it may be less important in more objective outcomes such as overall survival (OS).

In the AVERT trial, the authors state that "The AVERT trial was a randomized, placebo controlled, double-blind clinical trial."\[[@ref8]\] One can assume that "double blind" implies that patients and investigators were blinded. However, it is important to read the methods section to find out who was actually blinded.\[[@ref19]\]

Was there any contamination or co-intervention {#sec2-8}
----------------------------------------------

The study protocol usually specifies the intended interventions in each study group. When a study participant (patient) receives a non-protocol intervention, it is usually referred to as "co-intervention." On the contrary, when a study participant receives the intervention that is assigned to the other study group, it is referred to as "contamination."

In the AVERT trial, 23% and 22.6% of patients in the apixaban and placebo groups, respectively, received a concomitant antiplatelet medication (a co-intervention), which could potentially affect the primary outcomes of bleeding and clotting in such trial.\[[@ref8]\] However, as both groups equally received this co-intervention, this will unlikely bias the results.

Was there nonadherence to the assigned intervention regimen that could have affected participants' outcomes? {#sec2-9}
------------------------------------------------------------------------------------------------------------

Compliance of the study participants to the intervention they are assigned to is referred to as "adherence." It is important when appraising a trial to look at the reported adherence and whether there is a significant difference between groups. This is especially important in oncology RCTs where adverse events and safety profile of the studied medications play a major role in patients' compliance.\[[@ref20]\] For example, in the recently reported BILCAP trial studying the effect of adjuvant capecitabine compared to observation following surgery in patients with BILCAP, only half of the patients (55%) completed the planned eight cycles of capecitabine with third of the patients discontinuing treatment secondary to toxicity.\[[@ref13]\]

In the AVERT trial, the authors state that "The rate of adherence to the trial regimen was high in both groups, at 83.6% in the apixaban group and 84.1% in the placebo group."

FINISH WELL {#sec1-5}
===========

The method of analysis and completion of follow-up are important factors that affect trial validity.

Were all patients who entered the trial accounted for? And were they analyzed in the groups to which they were randomized? Were there any lost to follow-up? {#sec2-10}
------------------------------------------------------------------------------------------------------------------------------------------------------------

The principle of intention to treat (ITT) analysis indicates that participants should be analyzed based on the intervention group to which they were assigned, regardless of their adherence to the intervention or lost to follow-up (participant cannot be located).\[[@ref21]\]

This is in contrast to the per-protocol analysis, which only analyzes the individuals who adhered to the intervention. ITT analysis maintains the benefit of randomization in minimizing any prognostic differences between groups. In contrast, the problem with the per-protocol analysis is that prognostic factors might influence whether individuals receive their allocated intervention. In RCTs assessing a superiority outcome, ITT is suggested for the most part. Some trials report both ITT and per-protocol analysis; for example, the previously mentioned BILCAP trial reported the OS results using both ITT and per-protocol analyses, with significant improvement in outcome seen with per-protocol analysis, but not with ITT analysis, reducing the trustworthiness or believability of the results.\[[@ref13]\]

In some trials, instead of reporting ITT, a modified intention to treat (mITT) is reported. The definition of such an analysis is variable between trials and mostly generates post-randomization exclusions that potentially bias results making interpretation of such analyses challenging.\[[@ref22]\]

In the AVERT trial, the primary analysis was performed in the "modified intention-to-treat" population, which included all patients who undergone randomization and received at least one dose of apixaban or placebo on or before day180.\[[@ref7]\] Although ITT is the preferred approach, in this study the mITT is likely adequate and would not be expected to greatly alter the observed effect size compared to ITT. This modification----analyzing patients who received at least one dose of the study drug----is commonly seen in studies assessing differences in adverse drug events between treatment groups because it could be considered inappropriate to attribute an adverse drug event to a medication never received by the patient.\[[@ref23]\] Although a threshold of \>20% patients lost to follow-up is sometimes used to assess whether the number of patients of lost to follow-up is not acceptable, these arbitrary cutoffs can sometimes be misleading. It is important to compare the proportion lost to follow-up to the event rate in the trial. It is also important to conduct what is called a worst-case scenario in which we assume that patients lost to follow-up had bad outcome. If this new analysis shows results that are different from the original analysis, validity is then reduced.

Was outcome assessment blinded? {#sec2-11}
-------------------------------

As described above, in addition to blinding patients and investigators, it is important to have blinding of outcome assessors. Indeed, the effect of blinding in a study should be assessed for each individual outcome as it is probably less important in objective outcomes as OS (death or alive) compared to progression-free survival.\[[@ref24]\]

In the AVERT trial, outcomes were assessed by blinded investigators "All trial outcomes were adjudicated by an independent adjudication committee whose members were unaware of the treatment assignment."

WHAT ARE THE RESULTS? {#sec1-6}
=====================

Once trial validity is established (i.e., risk of bias is low or unlikely to impact the conclusions), results need to be interpreted by asking about the magnitude of the effect and its precision.

What is the magnitude of the treatment effect? {#sec2-12}
----------------------------------------------

There are several commonly used methods that are referred to as "measures of association" to assess the magnitude of treatment effect in clinical trials, including but not limited to relative risk (RR), odds ratio (OR), risk difference (RD), and hazard ratio (HR).

### Relative risk and relative risk reduction {#sec3-1}

RR is the risk of disease or outcome in the treatment or exposed arm compared (relative) to the risk of the outcome in the control arm, hence the name RR.

On the contrary, relative risk reduction (RRR) is an estimate of the percentage of baseline risk (the control arm risk) that is reduced by receiving the experimental therapy, which is calculated as subtracting RR from 1 (1 -- RR). For example, looking at the outcome table for the AVERT trial \[[Table 1](#T1){ref-type="table"}\], the risk of venous thromboembolism (VTE) in apixaban group is 12/288 = 4.2% (also known as experimental event rate or EER) and the risk of VTE in placebo group is 28/275 = 10.2% (also known as control event rate or CER). Compared to patients in the placebo group, patients assigned to the apixaban group have almost half of the risk (41%) of the patients in the placebo group 4.2/10.2 = 41%. This is also known as RR. In other words, this means that apixaban decreased the RR by 1--0.41 (41%) = 59%. This is known as RRR.

One example of using RR in cancer clinical trials is when assessing response rates in the experimental and control arms. For example, in the Keynote-189 trial, comparing pembrolizumab plus chemotherapy versus chemotherapy alone in metastatic non-small-cell lung cancer,\[[@ref25]\] objective response rates were 47.6% versus 18.9%, with an RR of 2.5, meaning that the experimental regimen results in 2.5 times better responses compared to the control arm.

### Odds ratio {#sec3-2}

OR is another relative association measure that is similar to RR. However, it is a ratio of odds, not risks. Odds are events/nonevents, whereas risk is events/total exposed sample. When the event rate is low (\<10%), OR and RR become very similar.\[[@ref26]\]

### Risk difference {#sec3-3}

Although relative measures (RR and RRR, OR and HR) are very helpful to depict the direction of the association, they do not give the full picture, especially when interpreting data or discussing with patients. Therefore, reporting absolute measures is as important, namely the RD, which is the proportion of the event in the experimental arm subtracted from the proportion of the even in the control arm. In other words, it is the proportion of patients who are spared the undesired outcome having received the experimental rather than the control treatment. RD of 0 means the events occurred equally in both groups. RD is sometimes called absolute risk reduction (ARR) or absolute risk increase (ARI) based on the direction of the effect. When interpreting RCTs, it is important to look at both ARR and RRR, as looking at relative measures can be deceiving and tends to overestimate results. In a hypothetical example, an RR of 50% could represent an ARR of 30% (if the absolute risk improved from 60% to 30%), or that same RR of 50% could represent and ARR of 2% (if the absolute risk improved from 4% to 2%).

In our example \[[Table 1](#T1){ref-type="table"}\], in the AVERT trial: baseline risk of VTE in the placebo group is 10.2% and is decreased to 4.2% in the apixaban group. Therefore, giving apixaban decreased the risk of VTE by 10.2--4.2 = 6%, which is the RD.

### Number needed to treat/harm {#sec3-4}

Another important measure of association is the number needed to treat (NNT). This reflects the number of patients who needs to be treated in order to prevent one event (in this case, VTE). NNT = 1/ARR (when ARR is in percentage, this would be NNT = 100/ARR). In the AVERT trial, the NNT = 100/6 = 16.6 patients. In the same way, we can calculate the number needed to harm (NNH), which is the number of patients who need to be treated in order to harm one patient or cause one undesired event. The risk of bleeding in the apixaban group is 3.5% and in the placebo group it is 1.8%. The RD is 1.7% (3.5--1.8). For 100 patients treated, 1.7% get harmed. The NNH = 100/1.7 = 58.8 patients.

These numbers are useful when evaluating the magnitude of effect and safety of the intervention by comparing NNH and NNT. For apixaban, for each 16 patients we treat we benefit 1, and for each 58 patients we treat, 1 would be harmed. We obviously seek drugs with low NNT and high NNH.

### Hazard ratio {#sec3-5}

The HR is a relative association measure used for outcomes of survival in cancer clinical trials. Although calculated differently,\[[@ref27]\] for practical purposes it can be interpreted as an RR averaged over the course of a trial and can be expected at any given time during the follow-up. The calculation of HR includes the element of time (i.e., how long an event took to occur vs. did it occur or not). HR of 1 means no effect; HR of 2 means that the intervention doubles the risk of outcome; and HR of 0.5 means that the intervention halves the risk of outcome. HR should always be interpreted with consideration of the associated length of survival. In the trial of erlotinib plus gemcitabine compared with gemcitabine in patients with advanced pancreatic cancer,\[[@ref28]\] median survival time was 6.24 months in the experimental arm of combination therapy versus 5.91 months in the gemcitabine arm. Thus, although the HR of 0.82 suggests improved survival, the actual difference in survival could be trivial.

How precise is the estimate of treatment effect? {#sec2-13}
------------------------------------------------

Confidence intervals (CIs) in RCTs identify a range of values within which it is probable that the true effect of treatment lies. In most trials, 95% CI is estimated to indicate that if the trial was repeated 100 times, 95% of the CI would include the true effect; the wider the CI, the less precise the estimate. For example, in the Keynote-189 trial, the HR for death was 0.49 with a reported *P* \< 0.001 (which means that this effect is statistically significant because it is \<0.05, the arbitrary cutoff for significance). This HR of 0.49 had a 95% CI of 0.38--0.64. When making a decision, one should consider precision. If our decision would be the same whether the lower or the upper boundaries were the truth, then the results are sufficiently precise. In this case, the precision is adequate.

HOW DO I APPLY THE RESULTS TO MY PATIENTS? {#sec1-7}
==========================================

Applicability is a form of external validity.\[[@ref29]\] To assess applicability, one should ask the following questions:

Were the study patients similar to my patients? {#sec2-14}
-----------------------------------------------

This question can be answered by looking at inclusion and exclusion criteria for the RCT and compare them to the characteristics of the patient of interest. RCTs with long lists of exclusion criteria (e.g., comorbid conditions) may be less applicable in real practice. Furthermore, RCTs in oncology can be regional, a few countries in the same region, or international, spanning multiple regions and countries, which makes generalizability variable depending on the regions where the RCT was conducted. For example, the oral fluoropyrimidine, S-1, was shown to improve OS as an adjuvant chemotherapy option in patients with curatively resected gastric cancer in Japan only.\[[@ref30]\] It has yet to be approved in the United States due to this regional variation, which limits generalizability of drug metabolism and efficacy data to Western patients. However, we should not expect a perfect match and we should anticipate that most of the time relative treatment effects apply to patients with various characteristics.

In the AVERT trial, one of the inclusion criteria was a Khorana score of 2, an intermediate risk category associated with only 1%--2% risk of VTE.\[[@ref3]\] Approximately two-thirds of participants in the AVERT trial had a Khorana score of 2. Using apixaban in this group of patients may be associated with greater harm than benefit as the baseline risk of VTE is very small.

Were all clinically meaningful outcomes considered? {#sec2-15}
---------------------------------------------------

When a drug produces small increments in hemoglobin level, or that a chemotherapy agent causes tumors to shrink above a specific threshold (i.e., response rate), this may not provide sufficient justification for recommending these interventions to patients. These are surrogate outcomes that may or may not lead to an improvement in clinically meaningful, patient-important outcomes, such as QOL or OS.

In the AVERT trial, investigators preemptively evaluated for the presence of VTE with imaging in the absence of symptoms or signs of VTE, a practice that is not commonly performed or indicated for most VTEs. This probably led to the diagnosis of many incidental VTE, which otherwise may have not been found or caused important morbidity or mortality.

Do treatment benefits outweigh the potential risks (harm and costs)? {#sec2-16}
--------------------------------------------------------------------

We evaluate the patient's baseline risk to determine whether introducing an intervention would be worthwhile. A low baseline risk usually means the RD will be low and NNT will be high. Knowing these absolute measures can assist clinicians in helping patients weigh the benefits and risks of each potential intervention. Ultimately, the values and preferences for each individual patient need to be considered before recommending one therapy over another.

CONCLUSION OF THE CLINICAL SCENARIO {#sec1-8}
===================================

After applying the framework \[[Figure 1](#F1){ref-type="fig"}\], you found that this RCT (AVERT trial) was at low risk of bias. However, after you discuss the efficacy data along with the underlying risk of bleeding in this patient, the patient decided not to start the medication. A different patient with similar characteristics (Khorana score of 2) might elect to accept such risk in return to the benefits seen. This emphasizes the importance of shared-decision making when applying evidence to individual patients.
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